Proteolytic cleavage of atrial natriuretic factor receptor in bovine adrenal membranes by endogenous metalloendopeptidase. Effects on guanylate cyclase activity and ligand-binding specificity.
Atrial natriuretic factor (ANF) is a peptide hormone from the heart atrium with potent natriuretic and vasorelaxant activities. The natriuretic activity of ANF is, in part, mediated through the adrenal gland, where binding of ANF to the 130-kDa ANF receptor causes suppression of aldosterone secretion. Incubation of bovine adrenal membranes at pH < 5.6 caused a rapid and spontaneous cleavage of the 130-kDa ANF receptor, yielding a 65-kDa polypeptide that could be detected by photoaffinity labeling by 125I-labeled N alpha 4-azidobenzoyl-ANF(4-28) followed by SDS/PAGE under reducing conditions. Within 20 min of incubation at pH 4.0, essentially all the 130-kDa receptor was converted to a 65-kDa ANF binding protein. This cleavage reaction was completely inhibited by inclusion of 5 mM EDTA. When SDS/PAGE was carried out under non-reducing conditions, the apparent size of the ANF receptor remained unchanged at 130 kDa, indicating that the 65-kDa ANF-binding fragment was still linked to the remaining part(s) of the receptor polypeptide through a disulfide bond(s). The disappearance of the 130-kDa receptor was accompanied by a parallel decrease in guanylate cyclase activity in the membranes. Inclusion of EDTA in the incubation not only prevented cleavage of the 130-kDa receptor, but also protected guanylate cyclase activity, indicating that proteolysis, but not the physical effects of the acidic pH, causes inactivation of guanylate cyclase. The 130-kDa ANF receptor in adrenal membranes was competitively protected from photoaffinity labeling by ANF(1-28) or ANF(4-28), but not by atriopeptin I [ANF(5-25)] or C-ANF [des-(18-22)-ANF(4-23)-NH2]. On the contrary, the 65-kDa ANF-binding fragment generated after incubation at pH 4.0 was protected from labeling by any of the above peptides, indicating broader binding specificity. After incubation in the presence of EDTA, the 130-kDa ANF receptor, which was protected from proteolysis, retained binding specificity identical to that of the 130-kDa receptor in untreated membranes. The results indicate that the broadening of selectivity is caused by cleavage, but not by the physical effect of acidic pH. Spontaneous proteolysis of ANF receptor by an endogenous metalloendopeptidase, occurring with concomitant inactivation of guanylate cyclase activity and broadening of ligand-binding selectivity, may be responsible for the generation of low-molecular-mass receptors found in the adrenal gland and other target organs of ANF. The proteolytic process may play a role in desensitization or down-regulation of the ANF receptor.